In the preceding paper it was shown that a phospholipase prepared,from Penicllium notatum will hydrolyse lecithin only after the, addition,, of a minimum proportion of anionic amphipathic molecules1 e.g. dicetylphosphoric acid, cardiolipin, sodium dodecyl sulphate (Bangham & Dawson, 1959) , The onset of hydrolysis occurred, only when the emulsion particles carried a minimum net negative charge, independent of the .species of anion added.
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The question arose whether the negative charge on the surface of the emulsion particle was ,directly concerned with the reaction between enzyme,and substrate at the interface, or whether it merely dispersed the substrate more efficiently. This paper attempts to answer this question by a study of the action of the phospholipase on surface films of lecithin and of lecithin containing dicetylphosphoric acid. The technique developed for this study was to float films of [32P] lecithin and to follow the loss of radioactivity from the surface film as the water-soluble glycerylphosphorylcholine produced by the enzyme diffused into the aqueous phase.
EXPERIMENTAL
Preparation of [32P]lecithin. Baker's yeast (Saccharomyces cerevisiae) was grown under the conditions described by Willams & Dawson (1952) , the medium being based on one described by Olson & Johnson (1949 Analysis by mild alkaline hydrolysis (Dawson, 1954) showed glycerylphosphorylcholine as the sole phosphoruscontaining degradation product. cleaned surface of a 0-02M-sodium formate-formic acid buffer, pH 3*3 (surface cleaning by the method of Adam, 1941) . The film of lecithin was confined in a floating annulus of polythene sheet, the buffer (19 ml.) being contained in a cylindrical glass vessel 4*2 cm. wide and 1-5 cm. deep. The buffer could be stirred magnetically from the underside of the glass vessel and fluid could be added or withdrawn through a polythene tube connected through the side wall. A mica end-window ,-counter was mounted coaxially and immediately above (0-25 cm.) the lecithin film. The window of the counter was protected from radioactive contamination by a thin polythene membrane. The apparatus was arranged in an incubator so that measurements could be made at 37°. The counter was connected to a recording ratemeter (Labgear Ltd., Cambridge) and a continuous record of the surface counting rate obtained, an integration time of 10 sec. being used.
RESULTS
When solutions of lecithin or lecithin plus dicetylphosphoric acid in light petroleum were added to the clean surface of the buffer, the lipids were seen to float in the form of 'rafts' or crystals, which are presumably separated from one another, by a monolayer of lipid (Adam, 1941) .
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In the experiments to be described, sufficient
[32P]lecithin (approx. 0-02 ml. of 0 02M-solution) was added to give an initial counting rate of about 4000 counts/min. In preliminary experiments it was observed that there was a slow but steady loss of counts from the surface due to the floating microcrystals moving towards the sides of the glass vessel. This was prevented by the use of a floating annulus of polythene sheet, which retained them under the window of the counter. Fig. 2 (A) shows that after the addition of [32P]lecithin to the surface there was no loss of counts for a period of 20 min. If at this point 3 ml. of buffer was withdrawn and replaced by 3 ml. of enzyme preparation (Dawson, 1958a) , the counting rate remained constant for a period of at least 40 min. The small deflexion in the tracing was due to lowering of the surface film as the buffer was withdrawn before addition of enzyme. Fig. 2 (Bangham & Dawson, 1959 (Dawson, 1958b) .
DISCUSSION
The primary object of these experiments was to determine whether the activation of the lecithinase produced by the anionic amphipathic molecules was intimately concerned with the reaction between enzyme and substrate at an interface.
Earlier evidence had, in fact, suggested that the activation was not due to a more efficient emulsification of the substrate resulting merely in an increase in the available surface area. Thus when lecithin emulsions were centrifuged for 1 hr. at 77 000-155 000 g it was observed that a small percentage (5-2, 5-6, 4-7 %) remained in the waterclear supernatant. This non-sedimenting lecithin must consist of very small micelles representing a very large surface area, nevertheless there was no evidence of any enzymic activity; this result suggests that activity is not merely a function of available surface area.
The present results obtained with surface films provide direct evidence that the enzyme specifically requires negative groups for its action at an interface. The regular loss of radioactivity observed on adding the enzyme under lecithin plus dicetylphosphoric acid films has been taken as meaning that direct enzymic hydrolysis of the film was occurring. This is substantiated by the observation that the loss of radioactivity is prevented by altering the pH to 4-4, a manoeuvre known to prevent the enzyme from hydrolysing lecithin (Dawson, 1958b) . The conclusion reached is that the enzyme is reacting with the film without prior emulsification of the substrate and that this requires negative groups at the solid-liquid interface.
At this stage it is not possible to see clearly why the negative groups on the substrate surface are essential for the enzymic attack. One possibility is that they orientate the enzyme with respect to the substrate by attracting positive groups on the enzyme molecule. The observation that a certain critical density of negative grouping is necessary before activity commences would suggest. that such an attraction must occur at more than one charged site. This attachment by electrostatic forces would ensure that the enzyme was in the immediate vicinity of its substrate and might eventually assist the enzyme molecule to penetrate into the film between the molecules of orientated lecithin. Penetration in this sense would be equivalent, on a molecular level, to the coalescence observed by Kates (1957) of lecithin micelles and plant plastids in the presence of ether.
An altemative hypothesis is that the activator molecules, by electrostatic interaction with the charged choline groups of the lecithin, cause a reorientation of the substrate's surface. This could either assist penetration of the enzyme into the lecithin film, or altematively expose the acyl-ester bonds so that these became more accessible for enzymic hydrolysis at the interface. This hypothesis would not need to assume a specific attraction between the enzyme and the surface of the substrate film.
Presumably, with low activator concentrations little denaturation of the enzyme on the surface occurs, although this might happen as excess of negative groups is added to the surface and explain why the activity falls away with excess of activator (Dawson, 1958b) . A somewhat equivalent picture of the adsorption of an enzyme at a surface has been described by Fraser, Kaplan & Schulman (1955) . These workers found that a lecithin surface had little attraction for catalase, but that it was possible to obtain adsorption of the enzyme with only partial denaturation on an oil surface possessing certain polar groups.
It is hoped to gain further information about the actual mechanism of activation by the study of the action of the lecithinase on monomolecular films. SUMMARY 1.
[32P]Lecithin of high specific activity has been prepared biosynthetically with baker's yeast.
2. The [32P]lecithin has been used as a surface film to study the action of a Penicillium notatum phospholipase preparation. Loss of counts from the surface film into the bulk aqueous phase was used as a measure of enzymic activity.
3. The enzyme preparation was without action on a film of lecithin but readily lowered the counting rate from a surface film of lecithin plus dicetylphosphoric acid.
4. The loss of counts from the surface film did not occur on altering the pH of the aqueous phase from 3-3 to 4 4, which is known to inhibit the enzyme system. 
